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"A method for forming a semiconductor device, 
and a semiconductor device formed by the method*' 

Fietd ofthQ Inv&ntlon 

5 The present Invention relates to a semiconductor device, and a method for forming 
the eemiconductor device. In particular, the invention relates to a method for forming 
a mwlti-layer semiconductor device In which at least two of tne layers are donded Dy 
an annealing bonding process. 

10 B&ckfumuod to the Invention 

As miniaturisation requirements in the semiconductor industry grow, the demand for 
semiconductor devices with Increasing numbers of features slmllariy grows, In the 
field of laser and sensor technology semiconductor devices which include micro- 
electro-mechanlcal components and mlcro^opto-electro-mechanical components are 

15 commonly required. Such devices are typically multi-layer devices which include 
multiple layers of semiconductor material and/or other suitable materials. The micro- 
components are typically formed in one of the semiconductor layera, while drcultry is 
formed in the other layers, and may also be fonmed on the micro-component layer. 
The circuitry may be provided for controlling the micro-components and may also be 

20 provided for other functions. In certain cases some or ail of the circuitry for 
controlling the micro-components may be provided on a separate discrete 
semiconductor device. In general. It is desirable, and indeed in many cases it is a 
requirement that the respective semiconductor layers should be electrically 
insulated, one from the other This requires the fomiation of insulating layers 

25 between the respective semiconductor layers. Such insulating layers, are typically 
provided by oxide layers, which may be grown or deposited. Because of the number 
of semiconductor layers, in general, it is necessary to bond some of the layers 
together by suitable bonding processes, typically, high temperature annealing 
processes. Typically, a semiconductor layer is bonded to an oxide layer which had 

30 been grown or deposited on another semiconductor layer. The surface of the 
semiconductor layer to be bonded to the oxide layer, in general, is ground and 
polished to a high degree of smoothness for providing a smooth surface for abutting 
the oxide layer on the other semiconductor layer. The oxide layer, in general. 


# 
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provides z relatively smooth surface for bonding to the aemfconductor layer, 
however, being an oxide layer some flow of the oxide layer is accommodated during 
the annealing proeeee In order to achieve a good bond between the respective 
surfaces. 

5 

In general, micro components, in particular, microHelectro-mechenlcal components 
and micro-opto-electro-mechanlcal components are high predslon components, and 
in general, are relatively fragile, and are vulnerable to damage, in particular, 
distortion and the like If subjected to hostile environments. In particular, such micro- 

10 components are vulnerable to damage resulting from high temperature annealing 
processes. It is therefore desirable that the fomiation of such mfero-components 
should be one of the last, and preferably, the last set of operation In the fomiatlon of 
the multi-layer semiconductor device. However, In many instances this Is not 
possible, since It Is required In many cases that the micro-components be fomied in 

15 an intermediate layer between others of the semiconductor layers. In such cases, it 
is necessary that the mlcno-components to be formed prior to bonding of one of the 
intermediate layer to an adjacent layer or layers. In such cases, the mfcro- 
components are subjected to the high temperatures of the annealing process for 
bonding the intennedrate layer within which the micro-components have already 

10 been formed to the adjacent layer. This Is undesirable, 

TTiero Is therefore a need for a method for forming a multi-layer semiconductor 
device whtcti overcomes these problems. 

25 The present invention is directed towards providing such a method, and a 
semiconductor device fbnmed according to the method. 

Summary of thB InvBntlon 

According to the invention there is provided a method for forming a semiconductor 
30 device comprfsing first, second and third layers, with a component being formed in 
the second layer, and first and second etch stop layers being located between the 
first and second layers, and the second and third layers, respectively, and at least 
the second etch stop layer being bonded to one of the second and third layers, the 


method compriaing the steps ot 

prior to bonding the one of th© second and third lay©ns to the second etch 
stop layer, patterning the second etch stop layer to define the component In the 
second layer for facllitating etching of the second layer through the third layer, 

bonding the one of the second and third layers to the second etch stop layer, 

and 

* etching the second layer through the third layer and the second etch stop 
layer for forming the component in the second layer, 

In one embodiment of the Invention a portion of the third layer adjacent the 
component is etched for exposing the component Preferably, the second layer is 
etched sequentially after the portion of the third layer adjacent the component has 
been etched in the same etching process. 

Advantageously, the portion of the third layer adjacent the component which Is 
etched for exposing the component is etched to the socond etch stop layer. Ideally, 
the second layer Is etched to the first etch stop layer for fomiino the component. 

In one embodiment of the Invention a portion of the second etch stop layer adjacent 
the component and which is exposed by the etched portion of the third layer is 
etched through the etched portion of the third layer for exposing the component. 
Advantageously, a portion of the first etch stop layer adjacent the component is 
etched for forming a void between the component and the first layer after the 
component has been formed. 

In one embodiment of the Invention a communicating bore Is fomned through the first 
layer communicating with the first etch stop layer for facilitating etching of the portion 
of the first etch stop layer adjacent the component for forming the void between the 
component and the first layer. Preferably, prior to etching the second layer for 
fbmiing the component initially only a part of the portion of the first etch stop layer is 
etched through the communicating bore In the first layer fbr thinning the first etch 
stop layer for minimising etrosses induced In the portion of the second layer firom 
. which the component Is to be formed. 
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In another ombodjment of the invention tho first etch stop layer Is bonded to one of 
the first and second layers, and Is bonded to the one of tha ffrst and second layers 
prior to the second etch stop layer being bonded to the one of the second and third 
5 layers. Preferably, the second etch stop layer is fbmned on the second layer after 
bonding of the first etch stop layer to the respective one of the first and second 
layeps. 

In one embodiment of the invention the first and second etch stop layers are grown 
10 layers. 

Preferably, the second etch stop layer Is grown on the second layer, and the second 
etch stop layer is bonded to the third layer. Advantageously, the first etch stop layer 
is grown on the first layer, and the first etch stop layer is bonded to the second layer. 
13 ideally, each of the first and second etch stop layers which are bonded to an 
adjacent one of first, second and third layers are bonded to the adjacent layer by 
annealing. Preferably, the annealing bonding step is can*ied out at a temperature in 
the range of OOO^C to 1 ^200*C. Advantageously, ttie annealing bonding step is 
canled out at a temperature in the order of 1 .OOO^C. 

20 

In one embodiment of the invention the first and second etch stop layers are oxide 
layers. 

In another embodiment of the Invention the second etch stop layer Is patterned by 
25 depoerfing a photoneerst layer on the second etch stop layer and exposing and 
developing a pattern which defines the component on the photoresist layer, and 
subsequently etching the second etch stop layer to define the component. 

In another embodiment of the invention the first, second and third layers are of 
30 semiconductor material. 

In one embodiment of the invention the first, second and third layers are of silicon 
material. 
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In another embcxJIment of the invention the firet, second and third layers are of eingle 
crystal silicon. 

5 In one embodiment of the Invention the component is a micro-mechanical 
component 

In another embodiment of the invention the component i$ a micro-electro-mechanical 
component. 

10 

In a further omt>cdiment of the Invention the component ie a micro-optical 
component. 

In a still further embodiment of the invention the component is a mlcrcMjpto-electro- 
15 mechanical component 

In one embodiment of the Invention the depth of the first etch stop layer Is at least 
twice the depth of the second etch stop layer. 

20 Additionally, the Invention provides a method for forming a semiconductor device 
comprising at least a first layer and a second layer with a component formed in the 
second layer, a first etch stop layer t>eing located between the first and second 
layers, and a second etch stop layer on the second layer such that the second layer 
is located between the first and second etch stop layers, the first etch stop layer 

2S being of depth greater than the second etch stop layer, the method comprising the 
steps of: 

prior to forming the component In the second layer forming a communicating 
bore through the first layer communicating with the first etch stop layer adjacent a 
portion of the second layer where the component is to be formed, and 
30 etching a part of a portion of the first etch stop layer adjacent the portion of the 
second layer where the component is to be formed for thinning the first etch stop 
layer adjacent the portion of the second layer where the component is to be formed 
to an effective stress relieving depth for relieving stress in the portion of the second 



6 

layer where the component id to be formed. 

In one embodiment of the invention the portion of the first etch stop layer adjacent 
the component is thinned to a depth relative to the depth of the second etch stop 
5 layer for relieving stress in the portion of the second layer where the component is to 
be fomied. 

In another embodiment of the invention the portion of the first etch stop layer 
adjacent the component is thinned to a depth so that the difference in thicknesses of 
10 the respective first and second etch stop layers does not exceed 2 microns. 

Preferably, the portion of the first etch stop layer adjacent the component is thinned 
to a depth so that the difference in thicknesses of the respective first and second 
etch stop layers does not ^ceed 1 micron- 
is In another embodiment of the invention the depth of the first etch stop layer is at 
least twice the depth of the second etch stop layer 

Preferably, the first etch stop layer is bonded to one of the first and second layers. 

20 In one embodiment of the invention the first etch stop layer is a grown layer. 

In one embodiment of the invention the area in plan view of the portion of the first 
etch stop layer which is thinned is less than the area in plan view of the component 

25 Preferably, the area fn plan view of the portion of the first ©tch stop layer which is 
thinned is at least half the area In plan view of the component. 

Advantageously, the area in plan view of the portion of the first etch stop layer which 
is thinned is at least three-quartera the area in plan view of the component 

30 

In one embodiment of the invention the cross-sectionai area of the communicating 
bore through the first layer is at least half the area of the component In plan view. 
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In one embodiment of the invention the component is a micro-mechanical 
component 

Further the invention provides a semiconductor device comprising: 
5 first second and third layers, 

a component fomied in the second layer, and 
• first and second etch stop layers located between the first and second layers, 
and the second and third layers, respectively, at least the second etch stop layer 
being bonded to on© of th© second and third layers, wherein 
10 prior to bonding the second etch stop layer to the one of the second and third 

layers, the second etch stop layer is patterned to define the component in the 
second layer for facilitating etching of the second layer through the third layer and 
the second etch atop layer, and the second layer is etched subsequent to the second 
Bta\ stop layer having been bonded to the one of the first and second layers. 

In one embodiment of the invention a portion of the third layer adjacent the 
component Is etched for fomning an opening through the third layer exposing the 
component 

20 In another embodiment of the invention a portion of the second etch stop layer 
adjacent flie component is etched for removing the second etch stop layer from the 
component 

In a further embodiment of the invention a portion of the first etch stop layer adjacent 
25 the component is etched for removing the first etch stop layer from the component 
and for fbmriing a void between the component and the first layer. 

Preferably, the first etch stop layer is etched through a communicating bore fomned 
through the first layer communicating with the first etch stop layer 

In one embodiment of the invention the first and second etch stop layers are oxide 
layers. 


In another embodiment of the invention the first, second and thtrd layers are layers 
of semiconductor matenai. 

In another embodiment of the invention the first, second end third layers are of 
silicon material. 


In a.(Urther embodiment of the invention the component is a micro-mechanical 
component. 

In a still further embodiment of the invention the component Is a micro-optical 
component 

Advantages of tho Invantion 

The advantages of the Invention are many. A particularty Important advantage of the 
invention is that the method of the Invention permits forming of components In the 
second layer which is located between first and third layers after the layere have 
been assembled. This would othenivlse be difficult, If not Impossible. If components 
were to be fonned In the second layer after the throe layere had been assembled, 
without using the method of the invention. It would be necessary to Initially etch the 
first or the third layer to expose the portions of the second layer to be etched for 
forming the components. The exposed portions of the second layer would then have 
to be patterned through the first or the third layer, and subsequently etched. 
Patterning the second layer through a relatively deep first or third layer would be 
difficult if not Impossible. Accordingly, by patterning the second etch stop layer prior 
to assembling the second and third layers permits the second layer to be readily and 
easily etched through the third layer and the second etch stop layer, and 
furthennore. and of particular importance permits aocurerte etching of the second 
layer through the third layer and the second etch stop layer. From this advantage 
many other Important advantages ft}now. For example, since the firet second and 
third layers of the semiconductor device can be assembled and bonded or otherwise 
formed together prior to the formation of the component In the second layer, the 
formation of the component in the second layer can be left to one of the last. If not 
the actual test set of operations in the fomiatlan of the semiconductor device. Thus, 


once the component has been formed In the second layer the semiconductor device, 
and in turn, the component is not subjected to any hazardous emrfronment which 
would othenftrtse damage the component. Additionally, by virtue of the fad that the 
tbmiatlon of the component in the second layer can be left to the last or one of the 
5 last set of operations In the fomriatfon of the semiconductor device the amount of 
handfing to which ttie semiconductor device Is subjected after the component has 
been formed is minimised, thus further minimising any danger of damage being 
caused to the component 

10 These advantages are particularly Important when the component fomied In the 
second layer is a micro-mechanical component for example, a mlcro-electro- 
mechanlcal component or a micro-opto-electro-mechanical component A further 
advantage of the Invention is that circuitry can also be fomied In the semiconductor 

layers for controlling the micro-component In the second layer and tor other 
15 functions, and the fbmriation of the circuitry can be carted out prior to the fomiation 
of the component in the second layer, thus avoiding damage to the component 
during the drcuit forming processes. 

The invention will be more clearly understood from the following description of some 
20 prefenred embodiments thereof which are given by way of example only with 
reference to the accompanying drawings. 

BrlRfn^stnrtntion afths OKtwinqf 

Fig. 1 is a top plan view of a semiconductor device according to the invention, 

25 

Rg. 2 Is a transverse cross-seetfonal side elevational view of the 
semiconductor device of Fig. 1 on the Une 11-11 of Rg. 1, 

Rg. 3 is a top plan view of the semiconductor device of Fig. 1 on the line iii-iii 
30 of Fig. 2. 


Rgs. 4 to 7 are front elevatlonal views of the semiconductor device of Fig. 1 1n 
the process of being fomied. and 
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Figs. 8 to 1 1 are transvoree crose-eectional front elevationar vfews of the 
semiconductor device of Fig. 1 on the line ll-ll of Fig. 1 also being formed. 

PBtailed Pescrfptfon ofPmfsrmn F^mhnrtirm^nf^ 

Referring to the drawings there is illustrated a myiti-Iayer semiconductor device 
accordlno to the invention indicated generally by the reference numeral 1 . In this 
embodiment of the invention the semiconductor device 1 comprises three 
semiconductor layers, namely, a first layer, which is a lower layer 4, a second layer, 
namely, an intermediate layer 5. and a third layer, namely, an upper layer 6, all of 
which are of single crystal eilicon. The layers 4. 5 and 6 are insulated IVom each 
other by respective Insulatina layers, which also act as etch stop layere, namely, a 
first etch stop layer 8 which is located between the lower and Intermediate layers 4 
and 5. and a second etch stop layer 9 which ie located between the Intermediate and 
upper layers 5 and 6. The first and second etch stop layers 8 and 9 are both oxide 
layers which In this embodiment of the Invention are grown on their respective 
adjacent lower and Intemiedlate layers 4 and 5. respectively. The intemiediate layer 
5 and the upper layer 6 are bonded to the first and second etch stop layers 8 and 9. 
respectiYely, by an annealing process as will be described below, and thus, the firet 
and second etch stop layers 8 and 9 are also bondable layers. 

Two conriponents, in this embodiment of the invention micro-opto^Iectro-mechanical 
components, namely, circular mlcRMnirrors 10 are fomned in the intemiediate layer 5 
by etching as wfll be described below. The micro-mirrors 10 are each connected to 
the intermediate layer 6 by respective pairs of connecting amis 1 1 which are etched 
from the Intemiediate layers during the etching of the micro-mirrors 10, see Fig. 3. 
The connecting amrre 11 are arrariged at 180' intervals around the respective micro- 
min-ons 1 0, and are sized and shaped to be resinent and flexible fbr facilitating 
displacement of the micro-mlrrors 10 relative to the Intemnedlate layer 5 for 
t&dntatlng directional control and/or filtering of laser light instant on the micro-mimjrs 
10. This aspect of micro-mirrors 10 will be well known to those skilled in the art. The 
surfaces of the micro-minors 10 which are to be made reflective are coated with an 
appropriate reflective material, for example, gold or the like. The reflectivo coating is 


• # 

i. 


11 


10 


15 


20 


not inustrated in the drawings, since the provision of the reflective coating doos not 
fbnm part of the Invention. 

■me upper layer 6 forms a spacer layer for spacing other components above the 
micro-mirrors 10 for acting on light to the mlcro-mlmors 10. Circular openings 16 are 
etched through the upper layer 6 as will be descrtbed below for accommodating light 
from such components to the corresponding micro-mlnrorB 1 0. Jho components 
which may be rrwunted on the upper layer 6 will not be described further here, since 
they do not form part of the invention. 

In this embodiment of the invention the mlcro^nlnons 10 may be adapted to be 
vertically displaceable upwardly and downwardly and/or swivelable about an axis 17 
defined by the connecting amis 11. Methods for displacing and swlvelflng such 
micrt>-mln'ors will be wen known to those skilled in the art 


Referring now In particular to Rgs. 4 to 11 . the method for forming the muKHayer 
semiconductor device 1 will now be described. In the description of the method for 
the sake of completeness dimensions of the depths of the respective layers will be 
given, however, it is to be understood that the dimensions given are given solely for 
the purpose of example, and mufti-layer semiconductor devices according to the 
Invention may be fomied with layers of any other suitable or desired depth. Indeed it 
wni be appreciated that the depth of the lower layer 4 will largely be determined by 
the diameter of the wafer on which the semiconductor device is being formed. 
Additionally, for the purpose of illustration it has not been possible to niustrate the 
25 depths of the various layers of the semiconductor device 1 to scale. 

Initially, the lower layer 4 of single crystal silicon is prepared with opposite parallel 
smooth upper and lower surfaces 21 and 22, respectively. The depth of the lower 
layer 4 Is 400 mierone. The lower layer 4 acts as a handle layer for the micro-mirrors 
30 10. The nrst etch stop layer 8 of oxide is thermally grown on the upper surface 21 of 
the lower layer 4 to a depth of 2 microns, see Fig. 4. The Intermediate layer 5 is 
formed from a layer 23 of single crystal silicon of depth of approximately 400 
microns, see Rg. 5. A lower surface 24 of the layer 23 is ground and polished to a 
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high degree of smoothness Guifabfe for bonding to an upper surface 25 of the first 
etch stop layer 8. The lower surf&ce 24 of the layer 23 and the upper surface 25 of 
the first etch stop layer 8 are brought together, ensuring no loose particulate matter 
remaining between the respective surfaeee 24 and 26, and are subjected to high 
temperature annealing at a temperature In the order of 1.000»C for bonding the 
respective surface 24 and 25 of the layer 23 and the firat etch stop layer 8. 
respectively. 

bonding of the layer 23 to the first etch stop layer 8 has been completed the 
law 23 is ground and polished to a depth of approximately 5 microns for forming 
theSntermedlate layer 5. see Rg. 6. An upper surface 26 of the intemiediate layer a 
whicHSjs fbrnied by the grinding and polishing process is polished to a high degree of 
smootlWss, and the second etch stop layer 9 of oxide material is thermally grown to 
a depth dfO.S micron on the upper layer 26 of the intemiediato layer S, see Fig. 7. At 
this stage (he second etch stop layer 9 is pattemed to define the micro-mirrors 10 
and their re^becOve connecting anns 1 1 for facilitating subsequent etching of the 
intennediate Ifiwer 5 through the second etch stop layer 9 for tomilno the micro- 
mirrors 10 and their conespondlng connecting anms 11, see Fig. 8. The patteming is 
carted out by e>^sing and developing a layer of photoresist (net shown) on an 
upper surface 27 df the second etch stop layer 9, and subsequently etching the 
second etch stop iayi^r 9. see Rg. 8. 

After the second etch stop layer 9 has been patterned a layer similar to the layer 23 
of single crystal silicon of 400 microns Is bonded to the upper surf&ce 27 of the 
pattemed second etch stop layer 9 for subsequently fennlng the upper layer 6. Prior 
to bonding the layer of single crystal silicon which is to toim the upper layer 6. a 
lower surface 28 is ground and poliehed for faaTitatlng bonding of the lower surt&ce 
28 to the upper surface 27 of the pattemed second etch stop layer 9. The respective 
surfaces 27 and 28 are brought together and bonded by high temperature annealing 
in similar fashion as already described with refiarence to the bonding of the layer 23 
to the first etch step layer 8. The layer of aiHcon which has now been txinded to the 
pattemed second etch stop layer 9 is ground and polished to the desired depth to 
form the upper layer 6. which in this embodiment of the invention is 40 microns, see 
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Rg. 9. - ■ ■ 

Referring now to Fig. 10 a parr of communicating fusto-conlcal bores 30 of dreular 
cross-secdon are next etched through the lower layer 4 to the firat etch stop layer 8 
by a deep reactive ion etch. The communicating bores 30 are centrally aligned with 
the corresponding micro-mirrorB 10 forfadRtating subsequent etching of portions of 
the,flrst etch stop layer 8 adjacent the micro-mlrrors 10 forftorming respective voids 
31. seoFig. 2, beneath the micro-mirrors 10 for facilitating displacement and/or 
swivelling of the mlcra-mimjrs 10. The communicating bores 30 are formed by 
appropriately patterning the lower surface 22 of the lower layer 4. and then etching 
the loweriayer 4 through the pattern. 

In this embodiment of the invention ae discussed above the first etch stop layer 8 is 
of 2 microns deep. whHe the second etch stop layer 9 Is of 0.5 micron deep. The first 
etch stop layer 8 as well as acting as an etch stop layer and an Insulator, also acts 
as a spacer for spadng the Intemiedlate layer 5 and the lower layer 4 apart from 
each other so that when the voids 31 beneath the micro-mlrrore 10 are ttormed the 
voids 31 are of suffldent depth farfacnitating adequate displacement and/or 
swivelling of the micro-mirrors 10. However, since the second etch stop layer 9 does 
not have to act as a spacer, since the upper layer 6 fowls that function the second 
etch stop layer 9 may be significantly thinner than the first etch stop layer 8, and for 
fadlrtating offidency of manufacture of the semiconductor device 1 the second etch 
stop layer 9 is kept to a minimum thickness, namely, 0.5 micron. However, the 
provision of oxide layers, and in particular the provision of oxide layere of different 
depths, on respective opposite sides of a relatively thin film of siRcon, as in the case 
of the micro-mlrrors 1 0 fomied In the intermediate layer 5 causes undesirable 
stresses to be Induced In the relathrely thin layer of snicon. Accordingly, if the micro- 
mirrors 1 0 were etched from the Intermediate layer 5 with adjacent porHone of the 
first and second etch stop layers 8 and 9 located on respective opposite sides of the 
micro-minors 10 undesirable stresses would be introduced Into the micro-mirrora 10 
which could lead to distortion, in particular, bowing of the micro-mirrors 10. in order 
to avoid this problem prior to etching the mlcro-minwrs 10 from the Intermediate layer 
5, portions of the first etch stop layer 8 adjacent the mioo-mlrrors 1 0 are thinned 
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through tho communicating b'orea 30; The thinning of the portions of the flist^ich 
stop layer 8 adjacent the mlcro^rron; 10 achieved by a light wet oxide etch of the 
firet etch stop layer 8 through the communicating bores 30. The wet oxide etch thine 
the first etch stop layer 8 to a remaining depth of approximately 1.5 microns adjacent 
the central portion of the mlcro-mlrrors 1 0 so that the difference in depths or 
thidcneeses of the respective first and second etch stop layers 8 and 9 does not 
exceed approximately 1 micron adjacent the central portion of the micro-mirror* 1 0. 
The first etch stop layer 8 is thinned by forming voids 32 In the first etch stop layer 8 
centrally above the communicating bores 30. see Rg. 10. The voids 32 are circular 
in plan view and are of diameter approximately half the diameter of the micfo-mlrrors 


After the portions of the first etch stop layer 8 adjacent the mlcro-mlnors 10 have 
been thinned, the assembly is ready for etching the Intermediate layer 6 for fanning 
the micro-mirrors 10. TTils is achieved by inltteiiy patterning an upper sur^c^ 34 of 
the upper layer 6 fOr fbrnilng the circular openings 16 by etching. The patterning of 
the upper surface 34 is carried out by exposing and developing a layer of photoresist 
(not Shown) on the upper surfiaee 34. The assembly Is then subjected to a reactive 
ion etch process or a deep reactive Ion etch process depending on the depth of the 
upper layer 6 for etching the openings 16 through the upper layer 6. When the upper 
layer 6 has been etched to fomj the openings 16 portions 35 of the second etch stop 
layer 0 above the micro-mlrrbrs 10 and the connecting arms 11 act to stop further 
downward etching. However, openings 36 which have been etched through the 
second etch stop layer 9 during the eariier patterning process permit tha reactive ion 
etch process to continue down through the intermediate layer 5 to the first etcii stop 
layer 8 fbr femiing the mlcro-miniors 10 and their corresponding pairs of connecting 
amis 1 1 . see Rg. 1 1. The first etch stop layer 8 prevents further etching by the 
reactive ion etch pra»ss once the intennedlate layer 5 hae been etched fbr fonning 
the mlcro^nlrrors 10 and the connecting arms 1 1 , and the reactive ion etch is then 
30 terminated. 

Thereafter the assembly is subjected to a wot oxide etch fbr etching the portions 35 
of the second oxide layer 9 from the micro-mirrors 10 and the connecting amis 1 1, 
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and for etching the firet etch stop layer 8 for flomfilng the voids 31 beneath the mlcro- 
mlrrors 10. The wet etch Is canried out through the openings 16 in the upper layer 6 
and the cornmonlcating bores 30 In the lower layer 4. At this stage the assembly Is 
ready for receiving and securing other eomponente to the upper layer e above the 
openings 10. 

While the semiconductor device has been described as comprising only two micro- 
meehenlcal components which in these embodiments of the Invention are micro- 
opti>eiectro.mechanlcai components any number of components may be provided, 
and In practice, K is envisaged that a matrix of many components may be provided in 
the device in the intermediate layer. The matrix of components may comprise 
components which are the same or difrerent The reason that the semiconductor 
device has been described as comprising only two such micro-mechanical 
components has been solely for the purpose of ease of llluetration and deecriptlon. 

While the semiconductor device has been described as comprising three 
semiconductor layers, the semiconductor de>^cB may be provided with any number 
of semiconductor layers from two upwards. Indeed, It is aleo envisaged that all the 
layers need not be of semiconductor material. The layers from which the micro- 
mechanical components are to be fonmed may be of any other suitable material. It 
will of course be appreciated that the semiconductor layers may be of material other 
than single crystal eliicon, for example, pdyslllcon and the lilce. 

It is also envisaged that the etch stop layers may be tomied by processes other than 
by growing the oxide layers, for example, the oxide layers of the etch stop layer may 
be deposited. It wfll also be appreciated that other suitable etch stop layers may be 
used besides o)dde layers. 

Ae discussed above, it will be readily apparent to thbse skilled In the art that multi- 
layer semiconductor devices with layers of depth other than those already described 
may be provided. 


It will be appreciated that while the micro-mechanical components have been 
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described ae being mlcro-mintjre, any other micro-mechanical components may be 
femned in the Intemiedrate layer. For example, any other type of membrane 
component may be formed in the intemiedlate layer, such as pressure sensore. 
other light oontrolllng devices, for example, fitters, devices for attenuating light, 
directing and redlnsctfng light 

It will also of course be appreciated that while the micro-irlrrore have been descn'bed 
ae being of circular shape, the mic(T>irimors may be of any other suitable or desired 
Shape, fbr example, square, rectangular, triangular, hexagonal, octagonal, or Indeed 
any other polygonal shape. Needless to say. where other components besides 
micro-mirrors are formed in the Intennedlate layer, the compononla may likewise be 
of any other desired or suitable shape. 


